INTRODUCTION
Fine needle aspiration (FNA) for thyroid nodule is a standard diagnostic procedure. One major limitation of FNA is a non-diagnostic cytology result due to inadequate cytology specimen.
Although FNA generally yields sufficient cytology results, there have been questions with regard to aspiration pressure and needle size. Previous studies evaluated the differences of sufficient sample rates between thick and thin needles and between the FNA with active suctions (FNAS) and FNA capillary techniques (FNAC) and the result of the comparative studies were inconclusive (1) (2) (3) (4) (5) (6) (7) (8) . In this study, we compared the incidence of insufficient cytology results according to the aspiration techniques, especially focusing on the degree of suction pressure and needle size.
MATERIALS AND METHODS
From May 2009 to December 2010, three experienced radiologists who are familiar to the ultrasound-guided aspiration, performed FNA studies consecutively in 1174 thyroid nodules from Purpose: We compared the incidence of insufficient thyroid cytology due to bloodstained materials or low cellularity in terms of aspiration technique, especially focusing on the degree of suction pressure and needle size. Materials and Methods: Three experienced radiologists performed ultrasound-guided aspiration for thyroid nodules in 1174 thyroid nodules consecutively. Three different techniques were used; (A) using a 25 gauge needle with mainly capillary technique in 269 nodules; (B) using a 25 gauge needle with 3 cc syringe and minimal suction pressure in 303 nodules; (C) using a 22-23 gauge needle with 10 cc syringe and aspirator in 602 nodules. The differences of the incidence of the insufficient cytology among the three aspiration techniques and relationships of the incidence and needle size/degree of suction pressure was statistically analyzed using the MannWhitney U test and the chi-square test with linear-by-linear association. Results: Overall, the difference in insufficient cytology was significant across the three aspiration technique (p = 0.004), and the incidence tended to increase significantly with increase of needle size and degree of suction pressure (p < 0.001). A pairwise comparison of aspiration techniques found significant differences (p = 0.003) between techniques (A) and (C), and no differences between technique (B) and (C) (p = 0.07) and between techniques (A) and (B) (p = 0.10).
Conclusion:
The incidence of insufficient cytology was significantly low in the capillary technique, and it increased significantly with the increase of needle size and degree of suction pressure. During the study period, the cytology was not reported according to the Bethesda system criteria. We retrospectively categorized cytology results as four grades: grade 1 for blood only or mostly blood cells with scant cellularity, grade 2 for scanty follicular cells with hemorrhagic background, grade 3 for insufficient results due to scanty cellularity without mention of hemorrhagic background, and grade 4 for sufficient cytology specimen. We arbitrarily assumed invasiveness of three aspiration techniques according to the needle size and degree of suction pressure, and we assigned ordinal scales as followed; technique (A) as 1, technique (B) as 2, and technique (C) as 3.
Index terms
We evaluated the incidence of malignancy and analyzed whether the incidence of malignant lesions was different among the three groups by using the Kruskal-Wallis test. The difference in incidence of insufficient cytology results and the relationships We have encountered some limitations in this study. First, we did not consider nodule characteristics such as vascularity, echogenicity, and size of the nodules. The imaging characteristics such as echogenicity, vascularity, and size may affect the adequacy of cytology specimen. Heterogeneous echoic nodule, cystic portions > 50%, and sizes less than 5 mm or larger than 10 mm were all related to the inadequate cytology results (9, 11) . In our study, the operator performed FNA studies consecutively and independently, and the incidences of malignancy among three groups were not statistically different. Therefore, we think that the imaging characteristics of the nodules may not be significantly different between the three groups. Second, the cytology results might not be consistent because specimens were read by several pathologists during the study, and cytology reports were not made by the standardized form such as the Bethesda system.
In conclusion, the incidence of insufficient cytology result was significantly different according to aspiration technique, and it was least in the capillary technique. The incidence of insufficient cytology result tended to increase significantly with increase of needle size and degree of suction pressure.
DISCUSSION
In our study, FNAC with a smaller fine needle yielded better results in terms of sufficient cytology specimen. Cytology adequacy is important for accurate diagnosis of thyroid nodule.
There have been controversial results about the needle sizes and aspiration techniques for adequate cytology specimen in thyroid nodules, and the previous results were summarized in Table 2 .
Previous comparative studies have shown no significant differences between FNAC and FNAS (1, 2). However, there have been one-sided results favoring FNAC (3, 4) or FNAS (7). Similarly in the aspiration technique, there have been no prominent differences in results on needle sizes (5, 6, 9), or one-sided results favoring smaller needles (3, 7) or larger needles (8) . In summary, although sufficient volume of aspiration may be obtained by using larger needles and active suction, it may not guarantee adequacy of cytology specimen and may be more easily obscured by red blood cells (5, 6 ).
In our study, a mixed combination of the aspiration techniques and needle sizes could be compared fortuitously, and FNAC resulted in better cytology adequacy. The volume of aspiration in FNAC was relatively smaller than the volume of FNAS within our study. Although it may seem peculiar that the smaller volume of aspiration could result in better cytology adequacy, we interpret our results in terms of needle sizes and degrees of suction. Generally, we can see several vessel structures in thyroid nodules on a color Doppler study. In our opinion, although the difference of needle size was about 0.2 mm in our study, large sized needles may be more likely to puncture or penetrate the vessel structure.
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